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TI{2 VELT.IWO OF ACfTIViMJD ClPfJ.COAL

P.N. xprlow (Odeooa)

Kolloid Zeitschrift 42p 112-9 (1927)

TranslateL by

J.C. Arnell, Defence Research Chemical Laboratories, Ottawa, Canada

A. From the excellent research of Dora SchmIdt-VTlter it is kaoim

(1) Dora Schmidt-Ialter, Koll.-Zeitschr. 1hp 242 (1914).

that activated charcoal adsorba acetic acid from solutions in benzene and

toluene in accord with a curve that Ia a ' -znum and a minimm. The

rel tionship between the adsorption and suelling isotheri for hide azd

cellulose, which also show maxima and rmiraU on the cur--es, vas establishod

2
by the writer. 2 This led the vriter to the opinion that the shape of the

(2) ?X.. Pawlow, Koli.-Zeitschr. 40., 73 (1926).

adsorptiot curve of Dora Schmidt-alter was also related to the shae of

,he swelling curve, !u the yresent paper experinmnts are discussed Vnich were

based on a study o± the capacity o± charcoals to swell in pure solvents and

solutions.

B. The =,pitude of the swelling vas masured using the volumtric

method ith test tubes "{-8 m. diameter and 15 -. long. By careful

calibration a group of test tubcs with equal diameters wre ascembled. The

lower part of the test tubes were specially calibratcd to the level of the

propo0sed height. of the charcoal mass, Th,4 ftstect ana =oest' co-avenie

-thod of removing the air occluded in the charcoal w .s az follws:

A veighed quantity was distributed over the inside w-2Zz of the test tube

an&; with the tube inclined, the liquid. was poured in very slowly in an "
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attempt to wet the charcoal layer lying against the glass. Five cc. of

liquid vere poured in each time. After the liquid had infuced, the test

tube was held upright and the smA.ll bubbles of air ver. expelled by tapping

th- bottom and the sides with the fingers. The test tubes vore tightly

corked and energetically shaken to break up any small lumps of charcoal.

Then the charcoal mass was stirred by air bubbles and the repeated

rotation of the tubes. After the air bad been removed the tightly corked

test tubes were allowed to stand undisturbed. The escape of air from the

charcoal sometimes continued for several days. A very convenient method

for the removal of small air bubbles from the charcoal mass was. in

addition to tapping the bottom of the tube, the rapid rotation of the

test tube to left and right about the vertical axis. Tapping with the

fingers on the bottom of the test tube for the purpose of control should

not be discontinued vhile the infusion of the cho-coal is continued., in

order that the complete removal of the air from the swollen moss occurs.

The height of the charcoal column vas measured at chosen time intervalsj,

usually daily. As the column becama shorter with ti-- and its height

during the first houcrs after shaking was dependent in large measure on

the sedimentatiou rate of tao particless the measurem-ent vao not made

until one day later. The charcoal particles adhering to the stopper and

the upper part of the test tube were washed down. ith liquid, after the

charcoal mass had settled a little. The agitat=on and subsequent measure-

ment of the height was repeated several titnees until finally only the

reproducible heights were recorded. In order to determine a os-elling

curve., a series of test tubes was set up simultaneously. The room

temperature at which the experiment was carried out was 13-15' C. and the

following types of charcoal were used:
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1. Graphitep Kahlbaum preparation, which was pulverized

in a small electrically driven agate mill,

2. Kahlbau cane sugar charccalp

3. Kahlbaun iml charcoal, a=1

4. K and K (Yilitaermdikmentendirektion) animal charcoal.

This will be referred to as Animal charcoal A.

i. Swelling of Charcoal in E-nzene and Toluene Solutions of Acetic Acid

The results of the charcoal swelling are given in Table I and

Figure 1.

Table I

0.2 gn. anim! chacoal A 0.5 gm. cane sugear charcoal 0.3 gin. animal charcoal
benzene + acotic acid benzene + acetie acid toluene + acetic acid

Percent 2eight of cbar. Percent Height of char. Percent Heg of .

AcCO in I00c2. col:oria in --no Ac0ET in 100gm. column in m, AcOH in 100gm. column in=
=,o.. 96 hrs _xture eter 168 hre. mixture after !44h1

r 0. 33 0 58
0°3 47 0°3 37 0.24. 67
2 40 2 36 0.48 64
5 36 5 "32 0.9 60

45 333 10 52

6o 32 30 29 20 -5o
70 32 45 28 35 49
8o 32.21 70 27 50 47
90 32.7 90 26.5 70 45

33 100 26 80 47
95 47.5100 50
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The magnitude of the swelling of the charcoal in these solutions

appeared as a function of the acid concentration. Animal charcoal A had

a swelling mximm and minimum in both benzene and toluene solution. Swelling

maxitA were seen at very small acetic acid concentrations. The swelling of the

cane sugar charcoal was -onsiderab21y smaller than that of the animal charcoal.

The time intervale in the table indicate the time of the last reading after

the last agitation.

II.-Swelling of Charcoal in Aqueous Acid and Alkali Solution

1. The Kahlbaum anim l charcoal has been tested for swelling in

acetic acid and sodium hydroxide solutions, The results are given in Table II

~and Figure 2.

Table TI

0.4 gin. Kablbaum animal charcoal

Water + acetic acid Water + sodium hydroxide

Percent Height of char. Norm--aity Height of char.
AcOH in 100 gin. column in nM. of NaH column in mm.

mitxure after 168 hrs. solution after 168 hrs.

0 66 0 66
0.02 66 10oo 66
2 61 N160O 05
6 59 N/40O 64

100 45 1/200 62
N /50 55

1/10 56.5611110 57
* i 58

in addition to the acetic acid concentrations given in the

foregoing table, others between 0.02 and 2 percent vere examined in the

hope that a swelling maximum and minimm might be found. At a concentration
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of about 0,1 percent a swelling minimum ias indicated which however could

not be fied conclusively because of a lack of charcoal and accordingly the

concentration could not be established definitely. In the alkali medium a

distinct swelling minimum can be seen. at an initial concentration of N/50.

2. The cane 6ugar charcoal w4 also investigated in acetic acid and

sodium hydroxide solutions. The resulto are given in Table III "'n Figure 2.

Table III

( 0.7 9M. cane sugar charcoal

Water + acetic acid ator, so i=un Aroxide

- Percent Height of char. Norlity Heiz-Yh of char.

AcOH in 100 gm. column in im. of laOH colum in ni m

mixture after 120 hrs . solution after 120 hrs,

0 37 0 37
0.1 36.5 I/600 37
0.2 35.5 N/200 36
0.33 35.3 /50 35.5

234 1/10 35.5
33.5 6N/lo 37i6.8 32 IN 38

40 32

90 32
ao 32

The sirelling of the cane sugar charcoal was very much less than

that of the animal charcoal. This also s. vmed two miniz: the one found

in the alkaline medium at an initial cc- zration bt,et-Zu 17/50 and N/10

and the other in acid medium in the region of au initial concentration

bclow 0.1 r,rcent. The latter minium waz specially stuied and wllM be

j described further in the following section.

I-i
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3. The third type of charcoal - the strongly swelling Animal charcoal A -

was also investigated in acetic acid and sodium hydroxide solutions. The

results in acid solutions are given in Table IV and Figure 2.

Table IV

0.2 gin. Animl charcoal A

Percent AcOH in Height of char. column
100 gm. mixture in r. after 240 bra.

0 45
0.1 59
o.4 55
2 39
6 38

i2 36
26 36
40 35S60 34

S80 34

90 34
100 33

In addition to the concentrations listed in Table IV, 0.033 and

0.05 percent solutions were also studied, In these two solutions, just as

in pure water, the charcoal formed no sediment at the bottom of the test tube,

but accumulated in the upr part of the liquid-like cork. In the 0.1 and
0.4 percent solutions the charcol remained in the upper part of the test

tube for several days and only after a very long interval formed a sediment.

In the table the height indicated was obtained after ten days when the

charcoal had begun to settle to the bottom. In the two percent and stronger

solutions the chxcoil settled folloing infusion and light shaking. The

hci ,bI 'mot in pura' water (45 7-1.) was thickness of ibe ch-xcoal floating
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in the upper paxt of +-he test tube. With the 0.033 and 0.05 prcent concen-

trationi the thic2mess of the floating charcoal jaz considerably geeter

% b n 4 5 r m .

As the table shmrs the swelling curve of animal charcoal A has

a maximum at a very s=1.1 concentration of acetic acid. The experiment to

measure the swelling minimum and the isoelectric point gave no definitive

results in dilute solutions because of the ul;ard streaming of the charcoal.

In sodium hydroxide solutions the animal charcoal A did not

settle completely: in the 11/600 and 11/200 solutions the total quantity

accumulated in the upper part of the liquid, while in the N/200, N/SO, N/10

and N1 solutions a part of the material was on the bottom and the rest at

the top like cork. The swelling curve in alkali solution a~pparently also

had a =cnum.

III. The Isoelectric Point of Activated Charcoal

1. Two methods were used to determine the isoelectric point of the

charcoal: (a) The p:1 of the solution vas determined after a reversal of

the direction of electroendoszesis3 (or electrophoresis), and (b) The pH

(3) Lconor Pcbo.elis., Die Vasserstoffioncnkonzentration, T.I., 224 (1922).

of the colu'iu w-.n masrccd, the rzgnitude of which was not altered by the

,.,.Cat6, th eco a.

(4) E-n _Eohn BiLochcm. Zituschr. 178, H. 1/3, 119 (1926).

The swellinZ capacity of charcoal found by the writer showed the

Possibility of the application of a third nthod, which is usually used.

vith L-relling gels, and asaumes that the isoelectric point occurs at the

sons solution pR as gives a minimum of swelling of the charcoal.
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In the preceding section reference was made to the fact that

animal charcoal and Kahlbaum cane sugar charcoal showed two isoelectric

points, one in acid and the other in alkali solution.

With anial charcoal only the alkali point was determined at an

initial concentration of N/50. If the adsorption of the hydroxyl radicals

was considered, a pH of 12-12.5 -was obtained in the solution in contact vith

the charcoal. The acid point could not be determined accurately because

of the lack of material.

2. With cane sugar charcoal both points were determined more or less

accurately. In alkaline medium the isoelectric point vas reached at a

N/50-N/10 concentration of the initial solution. For a solution which had

the charcoal in equilibrium the pH appears equal to 12-12.5. Thus the iso-

electric points of aninal charcoal and cane sugar charcoal were coincidental

or nearly so.

Preliminary experiments in acid medium inlicated the presence of

an isoeloctric point in solutions under 0.1 percent. Systematic experiments

were undcrtclzen with a buffer solution consisting of acetic acid and sodium

acetate. i/10 acetic acid and N/lO sodium acetate were used as the starting

solutions. The c=binations of the solutions and the ma,nitudes of swelling

in them arc givon in Table V.

0.8 gm. ch=rcoal -vxz placed in a very carefully calibrated test

tube and moistcno with 5 cc. of a cuitable mixture. The ilberation of

small air bubblcc on acco=s of th' lrge quantity of charcoal in the narrow

test tube was carricd out for several days by tapping and turning the tube.

With the &radual disapprearance of the gas evolution the picture of the minimum

and mns:imu= of the swelling became ever clcarer. After the evolution had

ceased (about four days after charging), the contents of the test tube were

again shaken )ba and the charcoal allowed to stand to settle quietly.



-9-

Table V

0.8 gm. cane sugar charcoal + 5 cc. solution

Height of char. pHl oZ

No. of Con-position of solution (cc.) o f cha. pinof
T/clmin mnm. final

so.n. H /10 AcOH Nlo AcOI ter 120 oln.

1 5 0 0 43
2 8.75 0.25 1 42.5
3 8.5 0.5 1 41
4 8 1 . 4o.5 zinimum 8.3
5 7 2 141
6 5 4 41.5
7 - 8 1 42
8 9 1 0 43
9 8 2 0 43.5

10 0 5 0 42

It can be seen in Table V that the swelling minim= occurred with

Solution No. 4. in this case the test tube contained too small a quantity

of liquid for a pH determination, so this was done in a special adsorption

experiment. Eight &rarzs of charcoal were shaken in a small flask and moistened

with 50 cc. of Solution No. 4. After shaking the contents, the flask was held

at ll-120 C. for 120 hours. The liquid was put through a paper filter and the

first portion of the filtrate discarded. The pH values for both the starting

solution (no. 4) and the final solution were determined electrometrically.

VHRlu starting solution = 4.8; the isoelectric point, i.e. pH- final

solution = 8.3.
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IV. Swelling of Grahite

1. in order to understand the reason for the swelling of activated.

charcoal, experiments were carried out to determine the behaviour of graphite

and quartz powders, in different solvents and solutions. Graphite, Kahibaum

preparation, was used for the experiments after being finely ground in a

small electr'ically driven ag-te mill ana sieved. The experlnmntal procedure

wan the same as for charcoal* Thae expeximtel results I nure solvents are

given in Table V1.

T labl e M,

I gm. graphite + 5 -z -. auid

S S.vent Height of grph. Spec. grav. olar vol. Viscosity d graphit e  d
column in MaM. of liquids of liquido at 200

- 1ber 240 hrso at 20*(d at 200 "1 __

Acetic acid 32 1.0491 57.2 0.0222 100.7
Water 33 0.99823 18.0 0.0101 126.9

Ethyl acetate 34 0.9005 97.8 0.004546 303.5

Bezene 8 0.879. 88.8 0.006537 2314.3
Tol0ue o.8659 106.3 0.005903 239.6

M-Xylene 0.864-2 122.8 0.0062 228.4
Carborh tI5achlor.. 15939 96-5 0.00975 70.4

Graphite 2.28 -- -- --

T ll Is giver for purposes of comparison and ccntal-a the

behavlour of the chxco.!s in different solvents.

Table Vii

AcOH E0 Acoft C6 % C 8  iMn-C6E 1o CC14

Z.~ cene 31kwk? fNC 5 gr.. 1 26 29 29 5 33 34 129 39
2-1 a1 A 33 -- 44 44

.tma ,.,x_ f(.2 gm) 23 33 ... ..



It can be seen in the tr,.blcs that the degcree of selling of

charcoal and graphite dc -.nded on the nature of the solvent and also that

in tcrm3 of the intcnni.ty of the effect on c~hracoal and graphite the solvents

can be arranged In an order corrcponding to their increasing efect, which

is as follow;s: Acetic acid / vater / ethyl acetate" benzene = toluene

xylene (corbon tetrachloride. Graphite only differed from charcoal in

havivg less swelling.

2. After the dctermination of this relationship, it was of importance

to recognize the factors which force a given r.is of graphite to settle in

columns of differing heights in different liquids. It was first considered

that the specific gravity, which determines the amount of the los of the

powder in relation to its weightp could serve as such a factor. Rowever, in

this case the height of the graphite column and the specific gravity of the

liquid must be directly relted quantitiesp i.e. with an increase of the

ee ecific gravity the height of a colv'~m of graphite owdor must increase.

it is evident from Table VI that no r.cOC-Ulel existed between these values.

Rather it vas reversed; if carbon tctracblorid.c waa excluded, then an inverse

ratio wai in'2,cated. Conseqwuntlyj, the l.oss in welght of the volume and the

height of the givta v:a .s of pow,der vere not deter.ining factors. The height

of the coluvm also did not depend on the. settlim- rate of the particle:1.
(1 -Cl

The e-prcssion e.. :. a s ra ure of this velocity; but no simple

relation existed b tiecen thio vw-ale ant the coluni height, as can be seen

_<rom Table VI,

Objection coLO.d oJ.o be rJ.Izea to the corniidcration tbat the

increase of the volx.7 • of th,-.,- tcoo;" p]..,e, because of the

penctration of thc . rto th': n"' , rir Of t C.. .. roph.it...

( since the cryct.,,l latticc of r'v'.,-) : . vi,' to a',rC arl liatide.
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The only remaining assumption was that the change of the powder volume was

caused by the formation of a liquid layer on the surface of the pulverized

mass and that the thickness of this layer depended on the nature of the

liquid. If the liquid film building up on the graphite particles consisted

of a layer of adsorbed liquid molecules, then the height of the powder in

different liquids would be directly related to the molecular volumes of

the liquids. However, as Table VI shows, no relationship actually existed

between the molecular volumes and the level of the graphite mass.

Therefore it vas assumed that the formation of the liquid layer

on the graphite particles was the result of an electrical physical chemical

force, which was directed from the molecules or atoms of the graphite to

the solvent molecules and hence the surface of the powder was covered with

a adsorbed-solvated layer. If it was assumed that a given q-uantity of

pulverized graphite has a different volume in different liquida on account

of surface solvationy then the possibility existed of using the designatlou

swelling for the described phenomenon. In the degree of swelling there was

a measure of the ragaitude of the surface solvation.

The strong swelling of the graphite mass in benzene and its

derivatives was remarkable. This was plausible since the structure of the

crystalline graphite lattice had the valences ordered in the same way as

the benzene nucleus. Consequently in this case a large adsorption-solvation

by affinitive substances on its structure was obtained.

V. Swelling of Quartz and Ferric KIdroxide

1. In order to prove that the surface solvation of graphite was

not an exceptional phenomenon but the general behaviour of pulverized solids

Ci
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in contact with different solvents and solutions experiments vere carried

out on the sw.alling of different insoluble materials* The exparinents on

quartz and ferric hydroxide are described in this section. For the quartz
eperfinnts Quartz Kahlbaum van calcined and pulverized. The results

obtained in different solvents are showm in Table VIII.

Table VIII

1.2 gm. quartz 5 ca. lq uid

H20 AcOH Ao-t C7T8 n-C8 H10  CCl 4

Height in rm 20 26 32 52 51 70

In water and weak acetic acid solutions a strong turbidity occurred

after shaking which disappeared after 3-4 days. In water, acetic acid and

ethyl acetate the quartz remained as a pulverized iThite Mass; in carbon

tetrachloride it formed an art gallery of opal-Jike tones; gallery-like

colours occurred also in toluene and m-xylene.

2. Ferric hydroxide was prepared by the action of aconium hydroxide

on ferric chloride and was freed of az oniua chloride by readated decantation.

and settling. The ferric hydroxide was considered ready for experimental use

when the wash water only showed a slight opalescence with silver nitrate.

The ferric hydroxide gel had different heightz in solution of sodium hydroxid-e

of diff- .t concentrations. In very vealk solutions tho --el heiht went

-. ouh a aximm and a minimum and in stronger soluticz L ntc.ned a

constant value* Since the paculiar phenozna which wore obose:-vd vill ba

described in a special paper, this sectioa will be !im.td& to the bare

establisbme=n of these facts.
K)
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3. The swelling phenomena of finely divided materials 'hich have

been discussed in this and foregoing scctions depcni on surface solvation,

that is on the accumulatioz, of the solvent on the surface of the reteric.2.

submerged in it under the ini'lueace of an electrical physical chemical

reciprocal force between the body of the solvent and that of the pulverized

material. This surface build-up can only be considered as the result of

the adsorption of the colvent by the fine granular phase. The swelling

phenomena of the fine granular materials described here are clear proof of

solvent adsorption on the surface uhich has been assumed by many investigators

from the orks of A.M. Williams 5 and Wo. 0-ftvalc and which was taken az the

(5) A.M. Williams, Medd. Nobelinstitut 2, Po. 27 (1913).
(6). Wo. Ostwald, Koll.-Zeitscbr. 30, 279 (-922).

basis of his thermodynamic investigation of capillary adsorD. by the iiriterJ

(7) PN aow Koll.-Zeitscb. 35., 89(12)

VI. Swelling of Cbarcol and Its Activity

1. A, is knowa different types of charcoal possess unequal e,- rptive

capacitiec towaxds dissolved substencc3. Correspondingly the cb.rcorts ,,tre

differentiated by their activity. With the small charcoal assortmant that

was available the relationship between the adsorption act:vlty of the

charcoals and their capability of swelling was investigated. Strong swelling

in pure water chaxacterized the moot active tyTyza of cha-coal. Charcoal

swollen in water hal a larger volame than a similar weight of chercoal i air,

The rmgnitude of the swelling was characterizcd by the magnitude of relatie

swe'ling Tf 1' was the height of the che-rcoal colma In a test tu'be in air

and h iAe heji.t, of the same weight of charco.l in the test tube in water,

I)
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then was the relative svelling. For each type of charcoal the

mngnitude of the relative swelling was a constant.

In order to masure the quatity h the test tube with the charcoal

in it was tapped on an elastic cork slab until the height of the charcoal

column no longer changed. The resultant height was recorded ao h . Then0

the charcoal mzas iras spread along the side of t'.e tube and, as described

previously, moiotencd with 5 cc. of dist i-ed vater. The test tube was

not shaken afterwards to prevent any charcoal particles being lost through

adhesion to the stopper; the -small air bubbles were worked out by tapping

the test tube on the cork slab. The height of the charcoal column h in the

test tube with water was usually observed for several days in order to

determine the constant value. In Table IX the results of measurements on

rue types of charcoal are given.

Table IX

0.33 gm. charcoal + 5 cc. distilled water
h-ho

Tyeof chrcoal ho

1. Animal charcoal Kahlbaum 23.5 35 0.489

2. Cane sugar charcoal Kahlbauim 14.5 16 0.103

The relative swelling of the animal charcoal was larger than

that of the cane sugar charcoal. The animal ch_-zcoal also had a larger

adsorptive capacity than the cane suar coa!o

2. The swelling curve and the curve of tho apparent adsorption for

charcoals wore probably related in the same way =s the writer's observations

ha.vw in..cated for hide and cellulose. In order to co-.)lete the investigation

a proofing test with several acetic acid concentzationz was undertaken to

UJ
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determine the dependence between the magnitude of the apparent adsorption

and the relative swelling in solution. Table X shows the experiziental results

f'or an acetic acid concentration of N/1.821. This solution vcas used for

observations both of the swelling and the adso-ption. 0.5 gn. charcoal an-A

50 cc. solution were used in the adsorption experire-nts end 0.3 gin. charcoal

and 5 cc. solution for the swelling. The standing continued for 40 hours,

The initial and final c )ncentratioas ere titrated ith N/5 barium hydroxide

solution. The magnitude of the adsorption is expressed in Table X as the

number of cubic centimeters of ba-xi-m hydroxide. The height of the chacoal

in air was indicated by ho and the height of the column in solution by h.

Table X

h - ho  Adsoebed by I e-.

Type of charcoal ha_ h chvrcoal from 50 cco

I. Graphite, Kahlbaum 7 7 0 1.2

preparation

2. Cane sugar chaecoal, 14 14.5 0.036 9.0

Kahlbaum

3. Animal charcoal, 20 27 0.35 12.2

Kahlbaum

4. Animal charcoal A 35 43 0.214 12.2

Table X indicated a parallel between the value of the relative

swelling and the adsorption value. Exemiration of Table X also showad that

the height ho in air of equal weights of different tyj;s of chio-coal i.s

different. It vas assumed that the quantity ho could b-- used as a sure

indicator of the activity of a charcoal.



S- 17-

Surnznary

1. C coa. swells in both pure solvents and solutions. The

sweling isotherm in acetic acid solutions has minImum and maxium points,

V. Capability of swelling and adsorption capacity are closely connected.

II
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